=== The Snhow Report:
A GPFS Performance
& Bottleneck Analysis

snow.lInl.gov
(bldg. 451)

William L oewe
Summer, 2000
L awrence Livermore National Laboratory




..'Ii

e Background:
- Snow Architecturein
conjunction with GPFS 1.3
- RAID Access Patterns

e File Creation/Removal Rates
using NFS, JFS, GPFS 1.2 &

GPFS 1.3:
- Small Files
- Large Files
- Directories
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. Report Outline

e |OR POSIX benchmark teds:
Segmented Access, Varying:
- Transfer Size
- Node Number
- File Size
- Client-Node Ratio
- Transfer Size w/Multiple Client
- Random Size Transfer
Strided Access, Varying:
- Block Size

e Concluding Summary
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IBM RS/6000 SP System
4 frames
4 Nighthawk-1 nodes per frame

8 222MHz 64-bit IBM Power3
CPUs per node

(16 Nodes & 128 CPUs total)
® 4 GBytesRAM per node
(64 GBytes total memory)
® Peak computing capability of
~114 GFLOPS
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Snow Hardware
o Specifications

2 1/O nodes (may also be used as
compute nodes -- not dedicated)

3 SSA adapters per 1/O node

3 73-GByte RAID sets per SSA
adapter (1.3 TBytestotal disk
space)

5 Disks on each RAID (4 + P)

— parity information is distributed
among drives (i.e., not a
dedicated parity drive)

~250M B/sec maximum transfer
(14MB/sec per RAID)
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Analysis of NH-1 Nodes
w/ Santa Cruz adapters

Colony Switch

Clients (VSDs)\

communicate with
LAPI protocol
(~80% efficient?).
Switch comm is
client bot/tleneck:
~294 M B/sec j

/” Colony Adapter:

Point-to-point:
~367 MB/sec
Unidirectional
4 MB buff

~??? MB/sec
\_bidirectional

222 Mhz
Power 3

222 Mhz
222 Mhz
222 Mhz

Colony

Power 3
222 Mhz
222 Mhz
222 Mhz

222 Mhz
Power 3

222 Mhz
Power 3

222 Mhz
Power 3

Each disk isan
IBM SSA disk,
max 8.5 M B/sec,
typical 5.5

M B/sec,

total capacity
18.2 GB.

222 Mhz|| 140M B/sec max
Power 3|l writeper CPU?

222 M hZz
Power 3

222 Mhz
Power 3

222 Mhz

Power 3

222 Mhz
Power 3

Each Santa Cruz Adapter
is capable of:
~48 M B/sec writes
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L ~88 M B/sec reads

Disksare
configured
into a4+p
Raid Set (73
GB). Each
Raid Set is
capableof 14
\_ MB/sec.
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® RAID Loops

Frame4

® RAID loops are shared
between I/O nodes (5

Frame 3 ﬁ/O nodes are\

Frame 2

eighteen RAID sets \ concurrently.) /
L oop ’
-. I/O Node
L0

1/0 Node

and 6) so that if asingle nol dedicaes
. I.e., may
|/O node fails, another serve as both
d
/0 node may cover dl O e
_/ RAID \

5 Disks on Frame 1
each RAID set
(4+P)
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® |IBM Genera Pardlel File System for AIX
(GPFS) version 1.3

Mohonk PSSP 3.2 GA PTF 1 SubRel easett
DV (GPFS)

Primary goal isto allow asinglefile
accessed by multiple clients to be stored

(or striped) across multiple disks. = = =
(Of course, several files may be T T T
accessed concurrently.) Segmented  [als| [plulcle] [al |s| [z[ale| [pleli] [v]eln| [s|nlofw]-

Strided Als| |Plulx|el |A|[s] |T|hlel D|x|i| [vien| [S|n|o|wl].
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? '='?_-_-_T File Creation Rate on
—_——= = Snow and Blue

® Testing the creation
time of 1000 files (or

Directory/ Small File Creation

directories) created on %0 -
NFS, JFS, and GPFS 300
for Snow and Blue. 250
® Note: Blueruns GPFS g 200 ~ Snow
1.2, whereas Snow runs | & 150 - W m oL
the newer GPFS 1.3 100 -
50 -
For file tests: 1 ]]]jt
Machines:  snow.lInl.gov % o & o o o o o o o o o
blue.lInl.gov Vg T g g
Code used: csh-scri pt Files Directories Nested #1* Nested #2**
while ( $nfils < 1000)
echo "Sat Jan 01 00:00:00 PDT 2000" > file.$nfils *Nested #1 -- Subdirectory containing one file and one subdirectory,
@ nfils++ recursively, for a 1000 file/directory total.
end **Nested #2 -- Subdirectory containing nine filesand one subdirectory,

- recursively, for a 1000 file/directory total.
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e GPFS1.3issignificantly
faster for removing files or
directories than version 1.2
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File Removal Rate on

Snow and Blue

File/sec

Directory / Small File Removal

1200

1000

800

600

400

07 J—v—r J_V—F
SR S S K SR

Files Directories Nested #1 Nested #2

O Snow
H Blue
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File Creation/Removal Rate
® Summary for Snow and Blue

..'I

® The Network File System (NFS)
and Journaled File System (JFS)
are comparable on Snow and
Blue (both using the same
version of thesefile systems)
This shows that despite
differences in hardware, the
systems behave similarly.
Therefore, the notable difference
In GPFS performance is likely
due to improvements between 1.2
and 1.3, not hardware
considerations
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? — ?_-_-_T Small File Creation Rate for
—_———= GPFS 1.2, GPFS 1.3, NFS, JFS
PARAMETERS:
® 1000 29- byte files 900
created on dl filesystems e

600 // 7— ——— GPFS 1.3
500 GPFS 1.2
400 / NFS
300 / —JFS

200 —
/

100

File/s

# Clients

Note:
GPFS 1.2 tests run on blue.lInl.gov
GPFS 1.3, NFS, and JFS tests run on snow.lInl.gov
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PARAMETERS:
® GPFS1.2:128 1Gfiles
® GPFS1.3:128 1Gfiles
® NFS: 1000 1M files
® JFS: 1000 M files
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? —3 T_-_-_? L arge File Removal Rate for
—_———= GPFS 1.2, GPFS 1.3, NFS, JFS

Large File Removal Rate

450000

400000

350000 GPFS 1.3
300000 GPFS 1.2
£ 250000 . TFFSS
200000
150000 /
100000 //
50000 //
0 L -
1 2 4
# Clients
Note:

GPFS 1.2 tests run on blue.lInl.gov

GPFS 1.3, NFS, and JFS tests run on snow.lInl.gov
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PARAMETERS:

® 1000 single-nested
subdirectories created on
al file systems

(e.q., /1, /12, 1/2/3 would be
three single-nested subdirectories,
I.e., aunay tree structure)
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- Directory Creation Rate for
= GPFS 1.2, GPFS 1.3, NFS, JFS

Directory Creation Rate

400

350

300
X4 200 ——GPFS 1.2
o NFS

150 —JFS

100

50 %
0 1
1 2 4 8
# Clients
Note:

GPFS 1.2 tests run on blue.lInl.gov
GPFS 1.3, NFS, and JFS tests run on snow.lInl.gov
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— Creation / Removal Rate for Snow for
¥ =e GPFS 1.2, GPFS 1.3, NFS, JFS Summary /.75

® Thefile creation and file removal
rates are excdlent on GPFS 1.3.
Further, they appear scalable for
Increasing number of clients.

® With nested directories, the
creation rate on GPFS 1.3 is
below that of NFS.
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= == === Sensitivity Curve |-A:
—— = 7 =e [|ransfer Size Variation (Segmented)
PARAMETERS: . o
ransfer Size Variation
® Client=1
250.00
® Node=1
. . 5 200.00 A
® FileSize=512MB $ //’ Aand DE
[a1] —&— VVrite
® TransferSize= S 19000 rd e
1K B to 512M B /ix*************“
E 50.00 //
For all subsequent tests: {;25
Code ior_posix.c 0.00
Machine: snow.lInl.gov A S . & & {i&\w
Ziil:; :;-23 Transfer Size (KB)
Configuration: 2* (3* (3* (4+p)))
~250MB/sec Max Transfer Rate (14MB/sec per RAID set)
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PARAMETERS:
Client=1
Node=1
FileSize=512MB
TransferSize =

1K B to 512M B

gqueue depth =2
previous run with
queue_depth = 40
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RERUN: 11/2000
Sengitivity Curve |-A:

= Transfer Size Variation (Segmented)

osmputng nosye

Transfer Rate (MB/sec)

250.00

200.00
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000

Transfer Size Variation

— Read
— Write
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e
i
i
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>y
»e

24
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Transfer Size (KB)
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PARAMETERS:
Client=1
Node=1
FileSize=5GB
TransferSize =
1KB to4MB

William Loewe — Summer, 2000

Sengitivity Curve |-B:
e Transfer Size Variation (Segmented)

Transfer Rate (MB/sec)

Transfer Size Variation
140.00
120.00 4 \‘\
100.00 v \\ ¢—Read
—a— Write
// ’k‘++>‘<—‘\\
80.00 S
/ yd e
60.00 // /
40.00 /‘ //’
20.00 f/‘/
0.00
1 2 4 8 16 32 64 128 256 512 1024 2048 4096
Transfer Size (KB)
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® For reads, the read-ahead
algorithm GPFS uses becomes
Inefficient for larger subblocks,
thus causing the bell-curve for
reads. The bell-shaped curveis
caused by thefilling of the L2
cache which bumpsout the
Instruction stream with larger
transfer sizes.
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= Transfer Size Variation Summary

® Writes can be expected to be
slower due to the additional
overhead associated with
allocation (buffer must be
allocated before write request.)
But nonethelessfor writes, the
ceiling of 140MB/sec by one
thread (CPU) per Node
supposedly causes the poor write
performance. Later, we can
show that this gppears to be the
case, but that another bottleneck
IS creeping up elsewhere.
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PARAMETERS:

Client/ Node=1
TransferSize = 256KB
Block = 512MB
FileSize = Client * 512MB
Nodes=1to 14

William Loewe — Summer, 2000

= Sengitivity Curve ll-A:
=ce Node Number Variation (Segmented)

sfer Rate (MB/sec)

Node Number Variation

~ 4

6 7 8 9
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PARAMETERS:
® Client/Node=1
® TransferSize=256KB
® Block =512MB
® FileSize=Client* 512MB
® Nodes=1to14
gqueue depth =2
previous run with
queue_depth = 40
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RERUN: 11/2000
Sengitivity Curve ll-A:
e Node Number Variation (Segmented)

Transfer Rate (MB/sec)

300

250

200 +

150

100

50

Node Number Variation

—o— Read

—a&— Write

1

2 3 4 5 6 7 8 9 10 11 12 13 14
# of Nodes
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PARAMETERS:

Client / Node=8
TransferSize = 256KB
Block = 512MB
FileSize = Client * 512MB
Node=1to 14

gqueue depth =2
previous run with
queue_depth = 40

[NOTE: No Summer run of thistest for comparision]
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Sengitivity Curve |1-A2:
Node Number Variation (Segmented)

RERUN: 11/2000

Client Number Variation

w
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o
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o

—— Read

o
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N
o
o

—4— Write
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-
o
o
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o
o

)]
o

o
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PARAMETERS: Node Number Variation
® Client/Node=1
® FileSize=8400MB j | ] T e
e TransferSize= 256KB : ;/ \\\ o
® Block = FileSize/ Clients A
® Nodes=1to8 )

William Loewe — Summer, 2000

= Node Number Variation (Segmented)

Sengitivity Curve |1-B:
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PARAMETERS:
Client/ Node=1
FileSize=2100MB
TransferSize = 256KB
Block = FileSize/ Clients
Nodes=1to 8
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= Sengitivity Curve l1-C:
=ce Node Number Variation (Segmented)

Transfer Rate (MB/sec)

300

250

200

150

100

(4]
o

o

Node Number Variation

\‘ —&— Read

0

N\

:r—o——o——&——\
N\

—a— Write

N

# of Nodes
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PARAMETERS:
Client/ Node=1
FileSize= 1470MB
TransferSize = 256KB
Block = FileSize/ Clients
Nodes=1to 6

William Loewe — Summer, 2000

Sengitivity Curve ll-D:
e Node Number Variation (Segmented)

300
S 250
[

°
@ 200
® 150
S
-.g 100
c

o
= 50

Node Number Variation

—— Read

3

\ —a— Write

N
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=—¢ Node Number Variation Summary
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ampunng naronve

® It appears from observation of
the activity of the I/O nodes that
a “read-modify-write” 1s being
performed when using more than
3 clients during this test. As the
RAID stripe 1s 256KB, but the
LVM transfer size 1s 128KB,
there 1s a failure to coalesce the
transfer packet to 256KB before
writing to disk. Consequently, a
read-modify-write 1s performed,
slowing down the write.

William Loewe — Summer, 2000
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PARAMETERS:
Nodes =6

Client/ Node=1
TransferSize = 256KB
Block = FileSize/ 6
FileSize=6 M B to 24GB

William Loewe — Summer, 2000

= Sengitivity Curve lll:
= FileSize Variation (Segmented)

Transfer Rate (MB/sec)

150

File Size Variation

>< > —&— Read

/N
/ X\\%\Y*" —&— Write

N

/
i

/
3

© Qv ,Lbn

®

© & X D H o > o 20
F I P O O N R
WP AT S P P

File Size (MB)
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PARAMETERS:
Nodes =6

Client / Node=1
TransferSize = 256K B
Block = FileSize/ 6
FileSize =6 M B to 24GB
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RERUN: 11/2000
= Sengitivity Curve lll:
= FileSize Variation (Segmented)

sfer Rate (MB/sec)

Tran

350

300

250

N
o
o

—
[$2]
o

100

[$2]
o

o

File Size Variation

)t
/ /\54} — —e— Read
ARG =a o

24

48

96

192 384 768 1536 3076 6144 12288 24576
File Size (MB)
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e Apparently clever use of
caching allows for a better
read/write rate. But, after
a certain blocksize as the
file gets larger, the read
levels off to around
250MB/sec, but the write
rate plummets to
100MB/sec. These are the
same bottlenecks we’ve
been seeing.

William Loewe — Summer, 2000

® File Size Variation Summary

e However, note that
writing 32/64MB per node
can help boost GPFS
through use of caching. As
the Page Pool is set to
100MB, we do not see the
effects of caching beyond
this point.
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? '='?_-_-_T Sensitivity Curve [V-A:
—m— = 7 =0 Client/ Node Variation (Segmented)

PARAMETERS: Client Number Variation
® Nodes=1
e FileSize=512MB * Clients f ﬁfii:_ +::: e
® TransferSize= 256KB : /[
e Block = 512MB
® Clients=1to8 ) .

William Loewe — Summer, 2000
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PARAMETERS:
Nodes =8
TransferSize = 256KB
Block = 512MB

Client/ Node=11t08
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=e Client/ Node Variation (Segmented)

FileSize = Client * 512MB

Sensitivity Curve IV-B:

Client Number Variation

300

T ———————-9
&2 —— Read
E 200 —a— Write
[]
E 150
5 — A ——A——A
) /‘__
S 100 +—p——h——h——A—
§
~ 50

0

1 2 3 4 5 6 7 8

# of Client / Node
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=e Client/ Node Variation (Segmented)

PARAMETERS:
Nodes =8
TransferSize = 256K B
Block = 512MB

Client/ Node=1t0 8

William Loewe — Summer, 2000

FileSize = Client * 512MB

RERUN: 11/2000
Sensitivity Curve IV-B:

Client Number Variation
250
——
S B e e < . < . I B A —~e
[$]
§ —e— Read
g 230 —&— Write
(]
§ 220
S —i\
2 210 A, | & ~a
s
= 200
190
1 2 3 4 5 6 7 8
# of Client / Node
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PARAMETERS:

Nodes=8

FileSize = 8400M B

TransferSize = 256K B

Block = FileSize/
(total) Clients

Client/ Node=11to 8

William Loewe — Summer, 2000

=e Client/ Node Variation (Segmented)

Sensitivity Curve IV-C:

Client Number Variation

300

) —— Read
g 200 —a— Write
[]
® 150
i —A
S
2100 —p——4& A A4 —
s
= 50

0

1 2 3 4 5 6 7 8

# of Clients /Node
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= Client/ Node Variation Summary
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® With one node, thewrite rate
max of 140 MB/sec increases
after one client.

® Thisdoes not hold true, however,
with more nodes. Instead, the
write rate stayslow. Perhapsa
different bottleneck isin effect
here.
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PARAMETERS:
Clients=2
Nodes=1
FileSize= 1024MB
Block = 512MB
TransferSize=

16K B —1024K B

William Loewe — Summer, 2000

Sengitivity Curve V-A:

Multiple Clients with Transfer Size
Variation (Segmented)

Transfer Rate (MB/sec)

250

200

-
)]
o

-
o
o

)]
o

o

1Node, 2 Clients

: b

A

_—
&

i
Il

—— Read
—a— Write

16

32 64 128 256
Transfer Size (Kb)

512

1024
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PARAMETERS:

Clients=4
Nodes=2

William Loewe — Summer, 2000

Sengitivity Curve V-B:
Multiple Clients with Transfer Size
Variation (Segmented)

FileSize = 2048M B
Block = 512MB
TransferSize=

16K B —1024K B

225

220
8 215
o
@ 210
o 205
k]
€ 200
]
2 195
c
S 190
[

185
180

2 Nodes, 4 Clients

Transfer Size (Kb)
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Sengitivity Curve V-C:

? '='?_-_-_T Multiple Clients with Transfer Size
——— Variation (Segmented)

PARAMETERS: 3Nodes, 6 Clents

® Clients=6 230
o NOdeS - 3 T 225 < o —

8 220 S e e —+— Read
® FileSze=3072MB : A A A | wie
e Block = 512MB =g
® TransferSize= £ 205

16K B — 1024K B 200

16 32 64 128 256 512 1024
Transfer Size (Kb)
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Sengitivity Curve V-D:

? '='?_-_-_T Multiple Clients with Transfer Size
—_—— =7 =0 Variation (Segmented)

PARAMETERS: 4Nodes, 8 Clents

Clients=8 250 pa—
oo o | o |
Nodes = 4 /A’ = ___
/ —a— Write

FileSize = 4096M B
Block = 512MB
TransferSize=

16K B —1024K B 6 ® e 18 o s 1o

Transfer Size (Kb)

/A\\‘///

-
o
o

Transfer Rate (MB/sec)
@
o

a
o

o
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Sensitivity Curve V-E:

? '='?_-_-_T Multiple Clients with Transfer Size
——— Variation (Segmented)

PARAMETERS: SNodes, 10 Clients

® Clients=10
® Nodes=5 PR e .
e FileSize=5120MB 'if;j:z / /‘\ e Wi
® Block =512MB S I 7 I .

@ TransferSize= g

16K B - 1024K B ’ 16 32 64 128 256 512 1024

Transfer Size (Kb)
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Sengitivity Curve V-F:

? '='?_-_-_T Multiple Clients with Transfer Size
——— Variation (Segmented)

PARAMETERS: 6Nodes, 12 Clients

® Clients=12 00

® Nodes=6 F T oo B S S S I S B G T
e FileSize=6144MB vj:j e
® Block =512MB PO TP R e B

® TransferSize= f

16KB — 1024K B e @ e m me s o
Transfer Size (K)
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Multiple Clients with Transfer Size
® Variation Summary

..'I

ampunng naronve

® To determine theeffect of the
140MB/sec per CPU bottleneck,
the benchmark isrun with
Increasing the number of nodes.
With four or few nodes, the write
rate is good for any size transfer.
After that, however, something
slows the write rate. It seemsthe
‘camel hump’ from Curvell is
consistent.

William Loewe — Summer, 2000
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® Client/Node=1

® FileSize=Clients* 512MB
® TransferSize= 1KB to 32KB
® Nodes=1to7

William Loewe — Summer, 2000

—_
[%}

(MB/se

Transfer Rate

160
140
120
100
80
60
40
20

? '='?_-_-_T Sensitivity Curve VI-A:
—_—— =7 =0 Random Transfer Size (Strided)
PARAMETERS: Random Transfer Sizes

(1KB - 32KB)

K —— Ree.ad
\\ —a— Write
A\
N\
A\
A S t
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=—¢ Random Transfer Size Summary
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® Assuspected, IOR does not
address the problems with
random transfer sizes very well.
Hopefully MPI-10 will improve
these rates.
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? '='?_-_-_T Sensitivity Curve VII-A:
——— Blocksize Variation (Strided)

PARAMETERS: Blocksize Variation (Strided)

® Nodes=2 250
- H blis sndRdRADay Sh SVCY et IL
e Client/Node=1 : " / rr‘} e
® FileSize=Clients* 512MB £, @ »* """ o+
® Block=1KBt0512MB = /
_ : o LAt TA A A A A
® (Note: Strided pattern) O BLESELEEPEEIE P P05

Blocksize
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? '='?_-_-_T Sensitivity Curve VII-B:
——— Blocksize Variation (Strided)

PARAMETERS:
® Nodes=4
® Client/Node=1
® FileSize=Clients* 512MB
® Block =1KB to512MB

William Loewe — Summer, 2000

Transfer Rate (MB/sec)

250

Blocksize Variation (Strided)

Fan an and DAL SR Sh an & ~

200 f /A—*‘xtixx\ —o— Read
—&— Write

150 f"/

100 f

50

0l L—A—-—A—*_A_—A_—(
° © Q0 0 &P PP SN

Blocksize
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? '='?_-_-_T Sensitivity Curve VII-C:
—_—— =7 =0 Blocksize Variation (Strided)

PA RA M ET E RS. Blocksize Variation (Strided)
® Nodes=8 300

: g 250 SR SR an g an ap SF SR S SRS
® Client/Node=1 g )od MMERai
£ f —a— Write
. . _ . o A TA
® FileSize=Clients* 512MB &~ AT AT T ™
S 100 /
_ 2 A
® Block=1KBt0512MB  § ., ., /.«
R e '
@ FEEL G000 10 000 e

Blocksize
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? '='?_-_-_T Sensitivity Curve VII-D:
——— Blocksize Variation (Strided)

PA RA M ET ERS: Blocksize Variation (Strided)
® Nodes=14 30000
. T 250. - S N
e Client/Node=1 S /f* CTTTTTTT e ==
iy e A L
® FileSize=Clients* 512MB ¢ o e RS
® Block =8KBt0512MB % .6 | | .uX
oo0 [ ]
£ g0 0 & 1 0 0 08
% N <°'\ N % N <o'\
Blocksize
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— RERUN: 11/2000
= = === Sensitivity Curve VII-D:
— = Blocksize Variation (Strided)

PA RA M ET E RS Blocksize Variation (Strided)

® Nodes=14 300.00
® Client/Node=1 § 20000 ,******’*+$_t A [

. . . = 200.00 /0/ A A vf —a— Write
® FileSize=Clients* 512MB 2 15000 ) /{A""
® Block =32KB to512MB £ 100.00 1 A

E 50.00 / /{/1
0.00 fﬁé/r
Rt e
Blocksize
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® For strided reads above ~256KB
block size (and corresponding
transfer size), the performance is
excellent for any number of
nodes. In fact, we’ve achieved
the theoretical bottleneck of
~250MB/sec.

William Loewe — Summer, 2000

= Blocksize Variation Summary

® Writes, on the other hand, tend to
be better with fewer nodes and
tend to improve with larger block
sizes. Initially (below 256KB)
this 1s the read-modify-write
problem. Beyond it, however,
probably the large number of
client are showing the coalescing
problem again.
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META-DATA (FileCreate/Delete) Summary:

Changesin GPFS 1.3 have improved meta
data paformance greatly. Small file creation
and large fileremoval are above that of NFS,
JFS, and GPFS 1.2. For directory creation,
GPFS 1.3 isstrong, but still half that of NFS.

|OR Benchmark Summary:

l. An optimal transfer buffer size seems be
~256K B for reads and writes

1. Read performance is excellent with a ceiling
of ~250MB/sec. Increasing the number of
nodes only marginally improves this read
performance.

For writes, there is a coalescing bottleneck.
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8 Concluding Summary

| OR Benchmark Summary (cont.):

1. The pagepool can improve read/write raes
beyond the theoreticd ceiling.

IV/V. Increasing the number of nodesusing more
than one client per node improves write rate,
but again the > 4 node bottleneck is present.

VI. Reads/writes for random transfer size is less
than desirable. MPI-10 will better address
this.

VII.  Strided reads greater than 256K B blocks are
excellent across the board. Writes tend to
ramp us slowly with improvements dueto
increasing blocksize. Again, writes are better
with fewer nodes.
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® This Science & Technology Education Program summer project
was completed under the guidance and supervision of Kim Y ates
and Terry Jones.

® Assistance and information from Dave Fox, Robin Goldstone, Mark
Grondona, and Dan McNabb (of IBM) helped to clarify the results
and offer general understanding of snow.lInl.gov and the GPFS
system.

® Thiswork was performed under the auspices of the U.S.
Department of Energy by the University of California Lawrence
Livermore National Laboratory under contract No. W-7405-Eng-48.
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